Introduction
Cardiovascular calcification is common in patients with chronic kidney disease and is an independent risk factor that affects cardiovascular and all-cause mortality [1, 2] . Due to the interdependent influences between malnutrition, inflammatory state, atherosclerosis and calcium-phosphorus metabolic disorders, the incidence of cardiac valve calcification is significantly higher in end-stage renal disease patients than the general population [3] and is also a key factor impacting their prognosis [4] .
Although many factors, including age, hyperphosphatemia,microinflammatory state and β2-microglobulin elevation, are independent risk factors for cardiac valve calcification in hemodialysis patients [3, 5] , there is controversy regarding the independent risk factors for cardiac valve calcification in peritoneal dialysis patients. Age, calcium-phosphorus metabolic disorders and microinflammation state are associated with valve calcification in peritoneal dialysis patients [6] . Nevertheless, a multi-center, prospective study indicated that total cholesterol (TC), triglyceride (TG) and low-density lipoprotein (LDL) levels are risk factors for valve calcification progression, but the report did not confirm the influences of calciumphosphorus metabolic disorders on valve calcification in peritoneal dialysis patients [7] . Therefore, the risk factors for cardiac valve calcification among lperitoneal dialysis patients remain to be further investigated.
This study attempts to examine the risk factors for cardiac valve calcification among peritoneal dialysis patients. We hope that our findings will provide a clinical basis for preventing cardiac valve calcification in peritoneal dialysis patients.
Materials and Methods

Subjects
We enrolled 117 patients undergoing regular peritoneal dialysis who were admitted to our peritoneal dialysis center since 2006. Among them, 98 underwent continuous ambulatory peritoneal dialysis (CAPD) treatment, and 19 received daytime ambulatory peritoneal dialysis (DAPD). The inclusion criteria were 1) age >18 years and 2) >18 months of dialysis. The exclusion criteria were congenital heart valve disease, rheumatic valve disease, hyperthyroid heart disease and acute inflammation. We collected clinical information such as age, gender, dialysis duration, primary kidney disease, diabetes history, course of hypertension (years), hypertension stage, hypertensive duration-stage product and medication.
Methods
Measurements. Blood was collected from all patients under the fasting state in the morning and was used to determine levels of hemoglobin, hematocrit, serum creatinine, urea nitrogen, albumin, prealbumin, parathyroid hormone (PTH), serum calcium, serum phosphorus, C-reactive protein (CRP), 25-hydroxyl vitamin D, TG, TC, high-density lipoprotein (HDL), low-density lipoprotein (LDL) and uric acid. In addition, we calculated total Kt/V (where K=dialyzer clearance of urea, t=dialysis time and V=patient's body water volume) and conducted a peritoneal equilibration test (PET) for each patient each week under stable conditions.
Echocardiography. Echocardiography for all patients was performed in the ultrasonic laboratory (equipment model: GE Vivid E9) of this hospital. Valve calcification was defined as one or more hyperechoic foci of >1 mm being detected in aortic or mitral valves or rings.
Statistics. Based on the distribution type, data are expressed as either the mean ( ±s) or median (interquartile range). SPSS17.0 software was used for all statistical analyses. The t test was employed to compare two groups of normally distributed data. The Mann-Whitey U test was used for skewed data. The χ2 test was used for categorical data. For logistic regression analysis, univariate regression analysis was first performed, and the variables with p<0.1 were selected as the covariates for the logistic regression analysis; those variables with two-sided p<0.05 were considered statistically significant.
Results
Clinical data
The 117 patients included 71 males and 46 females with an average age of 56.9±15.0 years, a median dialysis duration of 31 (24, 40) months and an average dialysis of Kt/V of 1.62±0.36. Forty-two subjects had history of smoking, 99 had history of hypertension, 11 had history of coronary heart disease, 32 had history of type II diabetes, and 8 had history of cerebral infarction. One hundred five patients were taking antihypertensive drugs. Among them, 30 were taking one drug, including 21 taking calcium channel blockers (CCBs), 6 were taking angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) and 3 were taking β-receptor blockers; 75 patients were taking two or more drugs, predominantly the combination of CCB and ARB. Among patients with primary kidney disease, there were 51 cases of primary glomerular disease, 22 cases of diabetic nephropathy, 10 cases of hypertensive nephropathy, 2 cases of lupus nephritis, 8 cases of polycystic kidney disease, 1 case of obstructive nephropathy, 1 case of purpura nephritis and 22 cases with unknown causes.
State of cardiac valve calcification
A total of 41 patients exhibited cardiac valve calcification, including aortic (AVC) and mitral valve calcification (MVC). Specifically, 38 patients displayed AVC and 17 MVC, with 14 patients having both AVC and MVC. In comparison with the AVC-negative group, the AVCpositive group was older (p<0.001); CRP (p=0.034), LDL (p=0.018) and TC were higher (p=0.032); the course of hypertension was longer (p=0.001); the value of the hypertension duration-stage product was higher (p=0.014); and the level of prealbumin was lower (p=0.001) In contrast, there were no significant differences in albumin, hemoglobin, serum calcium, serum phosphorus, calcium-phosphorus product or PTH. The comparison of the MVC-negative and MVC-positive groups revealed that patients in the positive group were older (p=0.005); their dialysis duration was longer (p=0.019); their serum phosphorus (p=0.001), calcium-phosphorus product (p=0.001) and CRP (p=0.034) were higher; and their prealbumin (p=0.011) was lower (Table 1) .
Valve calcification and the relevant risk factors
We first performed univariate regression analysis with valve calcification as the dependent variable. The results indicated that age,diabetes history, course of hypertension, hypertensive duration-stage product, calcium-phosphorus product, TC, CRP, albumin and prealbumin were significantly correlated with valve calcification (Table 2) . Multivariate regression analysis revealed that age (in increments of 10 years) and calcium-phosphorus product were both independently and positively correlated with valve calcification, whereas prealbumin was independently and negatively correlated with valve calcification (Table 3) . Next, we performed univariate regression analysis with AVC or MVC as the dependent variable, and variables with P<0.1 were used as the covariates of multivariate regression analysis (backward method). The results revealed that age (OR=1.965, p=0.01), diabetes history (OR=4.693, p=0.029), calcium-phosphorus product (OR=2.373, p=0.001) and prealbumin (OR=0.908, p=0.012) were independently correlated with AVC (Table 4 ). In addition, age (OR=3.179, p=0.023), calcium-phosphorus product (OR=6.512, p=0.001), prealbumin (OR=0.885, p=0.033), HDL (OR=19.540, p=0.011) and diabetes history (OR=6.948, p=0.038) were independently correlated with MVC (Table 5 ).
Discussion
The results of this study show that the incidences of cardiac valve calcification, AVC and MVC among the peritoneal dialysis patients were 35.04%, 32.5% and 14.5%, respectively. Age, calcium-phosphorus product, hypoprealbuminemia and diabetes history were the risk factors for both MVC and AVC. A previous study observed that the incidence of cardiac valve calcification in dialysis patients was five times that in the general population [8] . Another study showed that in dialysis patients, the incidence of AVC was higher than that of MVC and that the aortic valve was a common location of valve abnormalities in both the general population and hemodialysis patients [9] .
In hemodialysis patients, age is an independent risk factor for cardiac valve calcification [5] . Sayarlioglu also reported that the incidence of valve calcification rapidly increased with age [10] . Consistent with these previous studies, our results show that age is an independent risk factor for cardiac valve calcification. Serum calcium and phosphorus levels both play crucial roles in valve calcification of hemodialysis patients [3, 11] . Several cross-sectional clinical studies [12, 13] demonstrated that hyperphosphatemia is closely associated with vascular and valve calcification in end-stage renal disease patients. High phosphorus is also a significant predictor of death in peritoneal dialysis patients [13] . Calcium-phosphorus product has been significantly correlated with valve calcification in peritoneal dialysis [6] . Although this study did not identify a correlation between serum calcium or serum phosphorus level and valve calcification, serum phosphorus in the MVC-positive group was significantly higher than in the MVC-negative group. In addition, calciumphosphorus product was independently correlated with AVC and MVC, indicating that calcium-phosphorus product is an independent risk factor for AVC and MVC. This study revealed that hypoprealbuminemia was independently correlated with AVC and MVC, suggesting that nutritional status has important implications for valve calcification in dialysis patients. Peritoneal dialysis patients have higher serum prealbumin than their hemodialysis counterparts [14] . In addition, peritoneal dialysis patients generally have lower incidence of valve calcification than hemodialysis patients [15] [16] [17] [18] . Hypoalbuminemia may be one cause of this phenomenon, but the underlying mechanisms of the impact of hypoalbuminemia on valve calcification remain to be further investigated.
Malnutrition, inflammation and oxidative stress are widely present in dialysis patients and are collectively referred to as malnutrition-inflammation syndrome, which is a strong predicator of death of dialysis patients [19] . Sayarlioglu discovered that AVC patients exhibit markedly low levels of serum albumin [10] . Wang AY et al. found that malnutrition and inflammation are closely associated with valve calcification in peritoneal dialysis patients [6] . Our data show that CRP was higher in the MVC-positive group than in the MVC-negative group, indicating that an inflammatory state is more common in MVC-positive patients than in MVC-negative patients. Oxidative stress is a pivotal common factor for endothelial dysfunction and atherosclerosis. Oxidative stress is enhanced in dialysis patients [20] , and malnutrition and inflammation might promote atherosclerosis by boosting oxidative stress [21] .
This study revealed that diabetes history was independently correlated with valve calcification. In the general population, diabetes history is a risk factor for cardiac valve calcification [22, 23] . Sayarlioglu proposed that diabetes history might be considered a risk factor for cardiac valve calcification [10] . Nair et al. found that among people younger than 60 years, the valve calcification-positive group had a higher incidence of diabetes than the valve calcification-negative group [24] . In addition, Aronow reported that among people aged over 62 years, those with diabetes were more likely to develop cardiac valve calcification [25] . In another study, peritoneal dialysis patients with cardiac valve calcification had higher systolic blood pressure [26] . In this study, nonetheless, we only found that the course of hypertension was longer and hypertension duration-stage product was higher in the AVC-positive group compared to the AVC-negative group, although multivariate regression analysis revealed no significant difference in these two parameters.
This study was a single-center, observational study with a small sample. A prospective study with a large sample is needed to validate the risk factors for valve calcification. Moreover, we were unable to investigate the influence of fibroblast growth factor 23 on cardiac valve calcification, which is also a shortcoming of this study. Finally, the mechanisms of the effect of hypo-prealbuminemia on valve calcification remain to be determined.
Conclusion
Our study found that the incidence of AVC is higher than MVC in elderly dialysis patients. Age, diabeteshistory, calcium-phosphorus product and hypo-prealbuminemia are independently both AVC with MVC.HDL cholesterol is also independently MVC. It is maybe helpful that we improve nutritional status and rectify mineral metabolism.
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